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Abstract
Expressed by Fitts in 1954, there is an inverse relationship between movement time and target size and/or the distance between 
the participant and a target; smaller and further away targets require longer movement times than larger, closer targets. Here, the
applicability of Fitts’ law to an in-vehicle, dual-task setting is under investigation. In the current experiment, different target sizes 
and spaces between target and non-target elements (target-element space), were investigated in simulated driving and non-driving 
scenarios in two age groups (18 – 35 and 45 – 65 years old). The aim of this experiment was to investigate whether target size 
and target-element space (i.e., the space between targets and non-targets) would have an effect on the mean movement times of
younger and older participants for driving and non-driving conditions. Participants pointed to and touched targets on a 
smartphone touch screen in a vehicle mock-up. Movement times were recorded while concurrently performing a simulated 
driving task (dual-task condition) and while performing just the pointing task (single task condition). Errors were defined and are 
presented. Mean movement times in the dual-task condition were significantly faster than in the single task condition.
Additionally, in line with Fitts’ law, in-vehicle movement time decreased as a function of target size. Elements that had the most 
target-element space were moved to most quickly, however, the medium and small spaces did not differ. Differences between the 
two age groups were not found.
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1. Introduction
Minimizing drivers’ attention shifts towards in-vehicle control elements is a main priority and an issue 
automotive HMI designers deal with. The distraction of an in-vehicle interface is typically tested empirically in 
experiments with realized interaction prototypes, where metrics like driving performance, glance behavior and 
reaction times are measured, serving as indicators of distraction potential. Unfortunately, these tests can only be 
performed when a prototype of an interface is already available. Additionally, such experiments can be costly both 
financially and in terms of effort; a driving simulator, for example, is often needed in addition to many test persons, 
etc. To reduce these costs, methods such as virtual ergonomic product design can be used where certain aspects of a 
device can be modeled and tested prior to the concretization and production of a device. This modeling and testing is 
particularly important for new interfaces and devices for which already established models are limited.
Fitts’ law [1] dictates that given a required degree of accuracy and for movements involving visual feedback, the 
movement time to a target is a result of the combined factors of target size and distance from the origin of 
movement [2, pp. 1889]. As such, larger targets and those that are placed closer to the origin of movement are 
moved to more quickly than smaller, more distant ones [2, pp. 1894]. Kremser and colleagues [3] found that goal-
directed hand-arm movements were significantly faster while driving a vehicle (dual visual-manual task) relative to 
single task conditions (non-driving conditions). Furthermore, they found that target size did not affect movement 
time, which opposes Fitts [1]. In their experiment, however, only young subjects (M = 25.6 years, SD = 2.7 years)
were tested and the pointing task used included large distances between targets. Two possible reasons why the 
findings of Kremser et al. [3] were not in line with Fitts [1] could be due to the pointing task and or that the young 
participant group sampled was able to cope well with the requirements of such a dual-task condition (age differences 
were reported in [4]).
Extending the results of Kremser et al. [3], the aim of this experiment was to investigate whether a modified
pointing task could reveal an effect of target size and spaces between targets (hereafter, target-element space) on 
mean movement times. Two age groups were tested in this simulated driving experiment to evaluate whether 
differences exist between younger and older participants for driving and non-driving conditions. Participants 
performed a pointing task both as a single task (static, non-driving) and as a dual-task (dynamic, with the simulated 
driving task) where the target size and space between targets and non-target elements were either small, medium, or 
large. In addition to movement times, pointing task errors were also assessed. According to Woodworth’s speed-
accuracy tradeoff [5], it was hypothesized that movement times would be faster during dual-task performance (as 
per [3]) and less accurate. Furthermore, in line with Fitts’ law [1], large targets would be moved to quicker than 
smaller targets. Because larger target-element spaces would require less precision, these spaces were expected to be 
associated with higher touch accuracy and faster movement times. Finally, it was expected that less accurate 
pointing task performance and also longer movement times would occur most often for smaller targets with small 
spaces than for other target size and space combinations.
2. Methods
2.1. Design
In this paper, a 2 (age group) x 2 (driving condition) x 3 (target size) x 3 (target-element space) mixed factorial 
design was implemented. Participants were categorized according to two age groups. All participants performed a 
pointing task with and without an additional simulated driving task. Participants moved to and touched a smartphone 
screen where both target and non-target elements were displayed (see Fig. 1), at the location of the indicated target. 
Different layouts (9 in total; see Fig. 2) were displayed on the smartphone and tested. 
2.2. Participants
Forty-seven licensed drivers were tested. Two age groups were tested: 18 – 35 (younger) and 45 – 65 (older; 
defined according to [6]), in order to evaluate age related performance differences. Due to errors during the 
recording phase of the experiment, 9 participants were excluded. The data of 38 participants qualified for the main 
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analysis (19 participants per age group); Table 1 describes these participants. Four participants reported to have 
color vision related deficiencies, but as color discrimination was irrelevant to the task set, these persons were 
retained for the analysis.
Table 1: Participant demographics. Unless otherwise indicated, values represent the count of participants in each group and category.
Age group Age 
(M, SD)
Females Males Right 
handed
Left 
handed
With visual aid 
(ex. glasses, 
contact lenses)
Reported 
color vision 
deficiencies
Reported 
average 
driven km 
per year
18 – 35 24.84, 3.79 7 12 17 2 10 1 13778.95
45 – 65 56.37, 7.02 8 11 18 1 13 3 19526.32
2.3. Apparatus
This experiment was conducted in a fixed-base driving simulator at the Institute of Ergonomics, Technische 
Universität München. The driving mockup included a centrally located driver’s seat and active steering wheel 
(reconfigurable active yolk from Wittenstein). A 55-inch LCD screen displayed the driving scene simulated with
SILAB (Würzburg Institute for Traffic Sciences GmbH – WIVW; Veitshöchheim, Germany). The pointing task 
layout was displayed on a smartphone (Samsung Galaxy Nexus i9250 with a 4.65-inch touch screen) arranged in 
landscape mode, to the right of the driver (with the steering wheel center as reference point and according to the 
SAE J182 vehicle coordination system as reported in [7, pp. 350]; x = -231.2 mm; y = 406.8 mm; z = 26.8; radial 
distance = 468.7 mm; see Fig. 1). A micro-switch was attached to the steering wheel and connected to the 
smartphone, which marked the time points when the steering wheel was released with the right hand to perform the 
pointing task.
2.3.1. Simulated driving task
This task simulated a two-way highway with two lanes in each direction: a scenario similar to [6], adapted to 
German road standards. As soon as participants began to drive on the simulated road, a blue car traveling at 80 km/h 
appeared. Participants were instructed to drive safely as if they were on a real road and to follow the car in front of 
them at a distance of approximately 50 m. The simulated driving scene included an automatic transmission and 
participants were not required to shift gears.
Fig. 1. (a) Experimental setup (note: cameras and markers were used for additional Vicon and Dikablis recordings, the data of which is not 
reported in this paper). (b) Smartphone with pointing task layout display.
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2.3.2. Pointing task
The pointing task required participants to release the steering wheel with their right hand and to reach, point and 
touch the target instructed to them by the experimenter. This task was performed on a smartphone and is available as 
an open-source application [8]. By releasing the steering wheel, a micro-switch placed on the steering wheel was 
also released marking the start of the movement. The end of the movement was marked by finger contact with the 
smartphone. After contact with the smartphone had occurred, participants were to place their right hand back on the 
wheel and to compress the micro-switch again. Participants were instructed to touch the targets as central as 
possible. Speed and accuracy were emphasized. The target and non-target elements (viz. black squares) were 
visually identical (see Fig. 2); the distinction of a target from non-target elements was based on the experimenter’s 
instruction. Before the experiment, participants learned to associate each element with a number from 1 – 6. Targets 
to touch were identified one at a time by the experimenter through these number associations. A total of 9 layouts
(see Fig. 2) were tested. These layouts included different sized elements (small: 10 x 10 mm; medium: 15 x 15 mm;
large: 20 x 20 mm; in this paper, target sizes are referred to and identified as being 10 mm, 15 mm and 20 mm, 
respectively) with varying target-element spaces (small: 3 mm; medium: 5 mm; large: 10 mm). For each layout, 
participants performed 12 pointing motions and touches. Each target was touched 2 times so that the participant did 
not get used to the same target. Pointing motions were performed for both static and dynamic conditions for a total 
of 216 (108 for static + 108 for dynamic) pointing motions. Layouts and targets to touch were randomized within 
the age groups. Movement times and touch coordinates were recorded.
2.4. Procedure
Participants first filled out a demographic questionnaire and then made themselves comfortable in the simulator. 
The experimenter explained the general experimental procedure. Afterwards, participants were instructed on and 
trained each task (viz. the simulated driving and pointing task). Task training was considered complete when the 
participant reported to feel comfortable and confident with the task and the experimenter judged their performance
as satisfactory. After training each task separately, a dual-task (simulated driving task with the pointing task) 
training was completed. The experimental session began when the training had terminated. The experiment was 
divided into three different blocks: (1) baseline driving, (2) static, and (3) dynamic. All participants performed block 
1 first and then either block 2 or 3; this was balanced for both age groups. After all blocks were completed, the 
experimental session ended lasting approximately 1 hour.
Fig. 2. Images have been resized to fit this publication. Pointing task layouts for different element sizes: 10 mm (A), 15 mm (B), 20 mm (C), with 
varying target-element spaces: 3 mm (a), 5 mm (b), 10 mm (c).
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3. Results
Table 2: Means and SDs of movement times for each age group per display layout. “#” indicates the layout number, 
“T size” indicates the target size and “T-E” space specifies the target-element space.
Display layout Static (non-driving) Dynamic (with simulated driving task)
Older Younger Older Younger
(#: T size, T-E space) M SD M SD M SD M SD
1: 10 mm, 3 mm 766.88 145.13 759.05 127.43 737.96 93.82 695.45 123.85
2: 10 mm, 5 mm 759.46 166.78 738.43 129.55 702.39 102.58 702.67 92.49
3: 10 mm, 10 mm 705.34 126.30 713.29 120.01 667.10 77.70 689.02 114.18
4: 15 mm, 3 mm 719.19 127.68 680.26 102.15 668.33 93.57 713.70 220.89
5: 15 mm, 5 mm 716.31 112.46 693.05 128.97 649.84 87.37 676.38 115.39
6: 15 mm, 10 mm 694.64 106.04 665.17 104.16 662.15 125.74 652.07 89.75
7: 20 mm, 3 mm 673.72 87.04 665.58 107.09 627.68 90.52 641.17 85.13
8: 20 mm, 5 mm 666.51 87.62 674.87 116.11 631.78 87.14 619.22 87.88
9: 20 mm, 10 mm 644.80 94.12 656.20 122.16 623.51 57.32 626.86 105.19
Statistical analyses were performed with IBM SPSS Statistics 22. The pointing task movement times of correct 
trials were the main focus of the analysis. Three main errors were considered and excluded: inaccurate touches
(touching the smartphone screen outside of the instructed target’s boundaries, see Fig. 3 for the count of these errors
for static and dynamic conditions per layout), corrective movements (subsequent touches of a target after an initial 
touch), and superfluous target touches (when a specific target was touched more than 2 times per layout–likely, a
misunderstanding). All other movements, first touches with coordinates within the target boundaries, were 
considered correct. A total of 4104 trials were expected (38 participants x 108 touch trials) per driving condition. In 
the static condition, a total of 4117 trials were recorded. A total of 221 trials (5.37%) were eliminated due to error:
198 trials due to touch inaccuracies (young age group [YAG]: 106 trials; older age group [OAG]: 92 trials), 21 trials
due to corrective movements (YAG: 11 trials; OAG: 10 trials), and 2 trials in the OAG due to superfluous touches. 
Additionally, the recording of 10 trials failed due to either a technical or an experimental error and were not 
available for assessment. The remaining 3896 trials qualified for further analysis in the static condition. In the 
dynamic condition, a total of 4116 trials were recorded. A total of 241 trials (5.86%) were eliminated due to error:
225 trials due to touch inaccuracy (YAG: 127 trials; OAG: 98 trials), 11 trials due to corrective movements (YAG: 3 
Fig. 3: Total count of touch inaccuracies committed and omitted from the final data analysis for static and dynamic conditions as a function of 
smartphone display layout. “T” is followed by the target size and “S” by the target-element space size displayed in the layout. Lines are used to 
better visualize the data trends and do not indicate continuous measurement.
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trials; OAG: 8 trials), 1 trail for YAG due to a combination of both mentioned errors, and 4 trials due to superfluous 
touches (YAG: 3 trials; OAG: 1 trial). Additionally, the recording of 4 trials failed due to a technical or an 
experimental error and were not available for assessment. The remaining 3875 trials qualified for further analysis in 
the dynamic condition.
Mean movement times were calculated based on correct touches per participant per condition per layout. All 
conditions but one (older group in the static condition for layout 2, p = .002) were normally distributed as assessed 
by the Shapiro-Wilk test (p > .05). A four-way mixed ANOVA was conducted to test the effects of driving 
condition, target size and target space, on mean movement times between younger and older participants, and
whether these factors interact. Homogeneity of variances and the assumption of sphericity were assessed and 
confirmed via Levene's and Mauchly's tests, respectively, p > .05. Mean movement times (ms) and SDs for static 
and dynamic conditions per age group and display layout can be found in Table 2. Values are mean ± standard error 
unless otherwise indicated. No significant interaction effects were present in the data (p > .05). No significant main 
effect of age group was found, F(1, 36) = .01, p = .918. A significant main effect of driving condition, F(1, 36) = 
9.77, p = .003, partial Ș2 = .21, was found. Post hoc analysis with a Bonferroni adjustment (used for all post hoc
analyses unless otherwise stated) revealed that mean movement times for the static condition (699.60±17.43) were 
significantly slower than the movement times in the dynamic condition (665.96±13.98) with a mean difference of 
33.64 (95% CI, 11.81 to 55.46). A significant main effect of target size (see Fig. 4) was also found, F(2, 72) = 
61.70, p < .001, partial Ș2 = .63. Post hoc comparisons indicated that all target sizes significantly differed from 
another, p < .001. The smallest target size (719.76±16.91) was moved to significantly slower than the middle-sized 
target (682.59±15.72) with a mean difference 37.16 (95% CI, 20.46 to 53.87), and the largest target (645.99±13.16) 
with a mean difference of 73.64 (95% CI, 58.14 to 89.38). The middle-sized target was moved to significantly 
slower than the large target with a mean difference of 36.60 (95% CI, 18.97 to 54.23). Finally, a significant main 
effect of target-element space was found (see Fig. 4), F(2, 72) = 13.03, p < .001, partial Ș2 = .27. Post-hoc 
comparisons revealed that the largest target-element space (666.68±14.02) was moved to significantly faster than the 
medium (685.91±15.59), p = .007, with a mean difference of -19.32 (95% CI, -34.00 to -4.46) and smallest target-
element spaces (695.75±16.00), p < .001, with a mean difference of -29.01 (95% CI, -44.97 to -13.17). The 
movement times between the medium and small target-element spaces was not significant, p = .18.
4. Discussion
The current paper describes an experiment investigating whether target size and target-element space have an 
effect on the mean movement times of a pointing task performed under static and dynamic conditions. A simulated 
driving study was implemented for this investigation. As an extension of Kremser et al. [3], two different age groups 
Fig. 4. Visualization of the main effects of target size and target-element space. Movement time (ms) is plotted as a function of either target size 
(in black) or target-element space (in grey).
3174   Antonia S. Conti et al. /  Procedia Manufacturing  3 ( 2015 )  3168 – 3175 
were tested to assess possible age related effects and different dual-task performance strategies. First, it was 
hypothesized that, similar to the findings reported by Kremser et al. [3], movement times would be faster in the 
dual-task condition than in the single task condition. Additionally, along with this increase in speed for the dual-
task, participants would touch targets more inaccurately, evidencing a speed-accuracy tradeoff [4]. The mean 
movement times for the dynamic condition were found to be significantly faster than those for the static condition.
In order to perform the pointing and simulated driving tasks for dynamic condition, participants needed to balance 
the demands of multiple tasks at once. As they were instructed to drive safely and perhaps instinctively wanted to do 
this as well, participants performed the pointing task quickly in order to return to the driving task as soon as 
possible. Under the static condition, this time pressure was not present and this is evident in the movement times. In 
terms of errors, specifically inaccurate touches, static and dynamic conditions did not differ, with the exception of 
the layout containing the smallest target size and mid-sized target-element space.
In line with Fitts law [1], target size was expected to be inversely related to movement time such that larger 
targets would have shorter, faster movement times, followed by middle targets and finally small targets with long, 
slower times. Additionally, touch accuracy was expected to decrease with target size. Movement times decreased as 
a function of increasing target size and smaller targets were touched more inaccurately than larger ones. Larger 
targets were both easier to see and did not require fine motor control to the same degree as smaller sized elements. 
This difference in touch inaccuracies, however, between the medium and large sized targets was not as drastic as 
comparisons with the smaller target were, perhaps evidencing a ceiling effect.
It was supposed that smaller target-element spaces would increase movement times and have more frequent touch 
inaccuracies due to the greater precision required, and that larger target-element spaces would have less inaccurate 
touches and faster movement times. The most inaccuracies and longest movement times were expected for the 
smallest targets with smallest spaces. The results of this study, however, can only support that movement times for 
the largest space were faster than the smaller ones. By comparing the inaccurate pointing count across the different 
target-element spaces for layouts with the same sized targets, it can be seen that the target-element spaces did not
have a reliable effect on touch accuracy. For all target sizes, the smallest and largest target-element space either did 
not considerably differ or followed the same mild trend of the smallest space having fewer errors than the largest 
space. The medium target-element space, however, was less predictable: sometimes it reduced and sometimes it 
increased accuracy. Movement times more clearly depicted the effect of target-element space where the largest 
target-element spaces were moved to more quickly than the others were and the medium and small spaces did not 
differ. Additional work is required in order to understand this finding. 
Participant age was hypothesized as a possible cause for previous failures to support Fitts’ law [1] in a driving 
simulation study by Kremser et al. [3]. In the present study, there were no significant differences in mean movement 
times according to age. It was theorized that differences in dual-task strategies could exist between younger and 
older participants. However, this could not be concluded from our results. Other studies like [4] found performance 
differences between older and younger participants when using an older sample in the older group. In the current 
study, the age groups were not diverse enough to be measured in the performance metrics evaluated.
5. Conclusion
A simulated driving experiment was implemented to evaluate how movement times were affected by varying 
target sizes, target-element spaces, and driving condition (static or dynamic), for older and younger participants. No 
differences were found between the two age groups, but dynamic movement times were faster than static times. 
Additionally, movement times were most affected by the size of the target, such that larger targets were moved to 
more quickly than smaller targets. Target-element space had a limited effect on mean movement times as the smaller 
spaces did not significantly affect mean movement times. Touch inaccuracies were also evaluated and were highest 
for the smallest target size. Based on the current results, target size is an important factor in determining the time 
needed to move to a target. Keeping all other features constant, the larger the target, the greater the possibility that it 
will be moved to quickly and accurately with an additional driving task and not. For an automotive HMI designer, 
the information is relevant for dedicated layouts that help to save experimental effort for evaluation. The space 
between elements, however, requires additional investigation.
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